In this paper we will treat the following two types of infinite dimensional Lie algebras:
(1) Infinite dimensional transitive graded Lie algebras 9= Z^=-i 9 P -(For a precise definition, see § 1.) ( 
2) Infinite dimensional intransitive Lie algebras L[_W*~] whose transitive parts L are infinite and simple. (In this case Wis a subspace of V.)
In Section 3 and Section 4, we will give two criteria for H 1 (g) to be of finite dimension. More precisely we will prove Theorem A. Let 9= X?=-i 9 P be an infinite transitive graded Lie algebra with a semi-simple linear isotropy algebra g 0 . It may well be doubted if every infinite transitive graded Lie algebra g has the finite dimensional cohomology group H x (g). But unfortunately this presumption is false. In Section 5 we will give an easy condition for g to be dim H 1 (of) = co. (For such a Lie algebra g, we can construct derivations of arbitrarily large negative degree.) That is, we will prove Theorem C. Let g= Z?=-i 9 P be an infinite transitive graded Lie algebra -which satisfies g (2) = [g (1) , g (1) ]=0, where g (1) = [g, g] . 
Above results can be considered as a formal version of Y. Kanie [3] . In a forthcoming paper, we will give an example of an infinite intransitive Lie algebra L such that H 1 (L) = 0.
Throughout this paper, all vector spaces and Lie algebras are assumed to be defined over the field C of complex numbers. § I, Infinite Transitive Graded Lie Algebras
In this section, we define transitive graded Lie algebras which we will study in the subsequent sections. It is well-known that there are the following four classes of infinite transitive simple Lie algebras over C (see [5] ).
(1) L Ql (n): the Lie algebra of all formal (or better, formal power series) vector fields in ^-variables x l9 x 2 ,..., x n .
(2) L st (n): the Lie algebra of formal vector fields in n-variables x l9 x 2 ,..., x n , preserving the volume form dx^ A dx 2 Under these notations we will summarize a few useful properties of L. (For the proof, see Kobayashi-Nagano [4] .)
(1) Each L is an infinite transitive irreducible Lie algebra and moreover L is isomorphic to L', where the word "irreducible" means that the action of g 0 (L) on g_!(L) is irreducible.
(2) The linear isotropy algebras g 0 (L) of D(F), L 8I and L gp are gl(n, €), sl(n, C) and sp(n, C) respectively, and for p^l g p (L) is isomorphic to the p-th
for r,s^0, (ii) g 0 (L) acts irreducibly on g 0 (L) (r) for r^-1.
By the classification theorem of Kobayashi-Nagano [4] , we know that there are only three classes of transitive simple irreducible Lie algebras of infinite type over C, that is, they are D(F), L gl and L gp .
For the contact Lie algebra L ct (2n + l) (or simply L ct ), we must define another filtration.
for pg-2; L_ i = {X e L ct ; <Z, 0> 0 = 0, where 9 is the contact form};
.J for p^l.
Using this filtration, L ct is isomorphic to Tl^=-2 Q P (L)-For the subsequent discussion about L ct , we have only to recall that
In Section 3 and Section 6, we essentially use the following facts which were proved by T. Morimoto [5] . Theorem 2.1. Let L be an infinite transitive simple Lie algebra over C.
Remark 1. Let L be one of Lie algebras L gl or L gp . Since L is isomorphic with the Lie algebra L' = n?=-i 9 P (£)> their isotropy algebras sl(F) and sp(F) are considered to be subalgebras of them. Let e denote a unit matrix in gl(F). Then the above theorem asserts that ad (e) yields a basis of one dimensional space H l (L). Throughout this section, let g = ££= _ i g p be an infinite (dimensional) transitive graded Lie algebra over C and let its linear isotropy algebra g 0 be semi-simple. Put g_ x = F. Then g 0 is considered as a Lie subalgebra of gl(F). First we will determine the type of g.
Since g 0 is semi-simple, we can decompose
is a g 0 -invariant subspace and g 0 acts irreducibly on V t . We denote by ^ the Lie algebra of linear transformations of V i induced by g 0 . By the natural inclusion, \ is considered as a Lie subalgebra of gl(F). We also denote it by the same letter i) £ if there is no confusion. Put n f = {£eg 0 ; r(Fj) = 0 for all j+i}. Then each n^ is an ideal of g 0 and n 1 H -----h n k is a direct sum as Lie algebras. It clearly holds
Proof. 9 v' p EV 9 t t is an element of n^}.) Since n x H -----hn /£ is a direct sum, our assertion is obvious.
q. e. d.
Since g is infinite dimensional and g p is a subspace of g^}, g 0 must be of infinite type by Lemma 3.1. From now on, without loss of generality, we assume that n 1? ..., n t (l^k) are of infinite type and n z+lv .., n fe are of finite type. 
where each ideal n t (i = l,..., I) is isomorphic to either sI(FJ) or sp(7 f ).
Proof. Let TT: g 0 -»i); (i = l, ...,/) be a natural projection. Since TT is a Lie algebra homomorphism, g 0 /Ker7i is isomorphic to f) f . Recall that the quotient space of a semi-simple Lie algebra is also semi-simple. Thus i) t is semisimple and its center is zero. Moreover each I) f acts irreducibly on V i and is of infinite type. Hence by the classification theorem of transitive irreducible Lie algebras of infinite type, we know that ^ must be equal to either sI(F f ) or sp(F f ). Since n^ is an ideal of i^, we have n~sl(V^ or sp(Ff). (sI(F f ) and $p(V t ) are naturally imbedded in gl(F).) Note that n 1 =I) 1 , n 2 = I)2j---j ""z= : J)z-Then we can find a subspace g 6 such that n /+1 H -----hn fc cig & c: 
., 0 is of the form Vj + sl(Vj) or Vj + $p(Vj), and GJ, is a finite dimensional Lie algebra. (From now on, we put G' = G' m+1 -\ -----\-G\ + G' b . Then G' is a finite dimensional ideal o/g.)
For computing /f K9)> we need some lemmas. Proof. We can write c = c 11 + c 12 + c 2 i + c 2 2 by using same notations as Lemma 3.6. Since A i is perfect, we have c 12 = 0. Let xeA i and yeA 2 to Fis an element of gl(F). We denote this linear mapping by c' \ v .
Theorem 4.3. Let g=Z?=-i 9 P be an infinite transitive graded Lie algebra whose linear isotropy algebra g 0 contains an element e which satisfies
Proof. Let c be any derivation of g. We define a linear mapping \j/: Der (g)-»gI(F) by \l/(c) = c' \ v . By Lemma 4.2, we obtain that if c is contained in Ker i/f, then c is an inner derivation. Hence our assertion is obvious.
q.e.d.
In case that g is derived from g 0 , we can get the more precise result. Let ($0) denote the normalizer of g 0 in gl(F). Then we have Lemma 4A Let g be a Lie algebra derived from g 0 . Then for all XE w (9o)j a d (x) is a derivation of g.
Proof.
It is sufficient to prove that ad (x) (Q Hence we have ad (x)(z) 6 g^\ that is, ad WCg^^^g^^. Since it can be inductively proved that ad (x) (go p) ) c 9o p) for all p ^ 1 . q. e. d. 
6.2.
Let A be an abstract Lie algebra over C. Then the commutator ring of A, which we denote by C A9 is defined as follows: In this sub-section we want to determine the commutator rings C L and C L^W^. For the proof of Proposition 6.1, we need three lemmas. First we rewrite the some properties of L stated in Section 2 in the following lemma. for all x, y e L.
We denote this set by Der(L, L[W*J).
Summarizing the above remarks, we have Proposition 6.6 (V. Guillemin [1] Summarizing the above results, we have proved :
Theorem 6»7 e Let D(W) be a Lie algebra of all formal vector fields over W and let e be a basis of one dimensional center of gl(t7). Then we have the following isomorphism:
